
US 20030045300A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0045300 A1 

New 

(54) CONDUCTING SEARCHES AMIDST 
ASYNCHRONOUS CELLS OFA 
COMMUNICATION SYSTEM 

(76) Inventor: Wen Jing New, San Diego, CA (US) 

Correspondence Address: 
Qualcomm Incorporated 
Patents Department 
5775 Morehouse Drive 
San Diego, CA 92121-1714 (US) 

(21) Appl. No.: 

(22) Filed: 

09/948,373 

Sep. 6, 2001 

(310 

(43) Pub. Date: Mar. 6, 2003 

Publication Classi?cation 

(51) Im. c1? . ................................ .. H04Q 7/20 

(52) Us. 01. ......................... ..455/455; 455/437; 455/434 

(57) ABSTRACT 

Methods and apparatus are presented for scheduling asyn 
chronous neighboring cells Within a Wireless communica 
tion system. The Neighbor Set is apportioned into a Syn 
chronated Neighbor Set and an Asynchronous Neighbor Set. 
Rather than performing a full frame timing acquisition 
search upon the Neighbor Set, only portions of the full frame 
timing acquisition search are selectively applied to the 
Asynchronous Neighbor Set. In addition, a synchronous 
search is performed on the Synchronated Neighbor Set. 
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CONDUCTING SEARCHES AMIDST 
ASYNCHRONOUS CELLS OF A 
COMMUNICATION SYSTEM 

BACKGROUND 

[0001] 1. Field 

[0002] The present invention relates generally to commu 
nications, and more speci?cally, to a system for conducting 
searches among asynchronous cell sites. 

[0003] 2. Background 

[0004] The ?eld of Wireless communications has many 
applications including, e.g., cordless telephones, paging, 
Wireless local loops, personal digital assistants (PDAs), 
Internet telephony, and satellite communication systems. A 
particularly important application is cellular telephone sys 
tems for mobile subscribers. As used herein, the term 
“cellular” system encompasses both cellular and personal 
communications services (PCS) frequencies. Various over 
the-air interfaces have been developed for such cellular 
telephone systems including, e.g., frequency division mul 
tiple access (FDMA), time division multiple access 
(TDMA), and code division multiple access (CDMA). In 
connection thereWith, various domestic and international 
standards have been established including, e.g., Advanced 
Mobile Phone Service (AMPS), Global System for Mobile 
(GSM), and Interim Standard 95 (IS-95). IS-95 and its 
derivatives, IS-95A, IS-95B, ANSI J-STD-008 (often 
referred to collectively herein as IS-95), and proposed 
high-data-rate systems are promulgated by the Telecommu 
nication Industry Association (TIA) and other Well knoWn 
standards bodies. 

[0005] Cellular telephone systems con?gured in accor 
dance With the use of the IS-95 standard employ CDMA 
signal processing techniques to provide highly ef?cient and 
robust cellular telephone service. Exemplary cellular tele 
phone systems con?gured substantially in accordance With 
the use of the IS-95 standard are described in US. Pat. Nos. 
5,103,459 and 4,901,307, Which are assigned to the assignee 
of the present invention and incorporated by reference 
herein. An exemplary system utiliZing CDMA techniques is 
the cdma2000 ITU-R Radio Transmission Technology 
(RTT) Candidate Submission (referred to herein as 
cdma2000), issued by the TIA. The standard for cdma2000 
is given in the draft versions of IS-2000 and has been 
approved by the TIA. Another CDMA standard is the 
W-CDMA standard, as embodied in 3rd Generation Part 
nership Project “3GPP”, Document Nos. 3G TS 25.211, 3G 
TS 25.212, 3G TS 25.213, and 3G TS 25.214. 

[0006] Transmissions betWeen component parts of a 
WCDMA system can be sent in a time division duplex mode 
(TDD) or a frequency division duplex mode (FDD), in 
accordance With the frequency bands available to a service 
provider. Due to the complexity of permitting operations in 
either mode, the system transmits information in accordance 
With logical channels and physical channels. (Logical chan 
nels are also referred to as transport channels in the 
WCDMA standard.) Data is encoded and interleaved 
according to the logical channel to Which the data is 
assigned, and the logical channels are then mapped onto 
physical channels. The number and types of logical channels 
and physical channels vary depending upon the direction the 
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signal is being sent. Transmissions from the mobile station 
to the base station are referred to as the “uplink” and the 
transmissions from the base station to the mobile station are 
referred to as the “doWnlink.” 

[0007] Signals or data transmitted over a physical channel 
are carried in message entities, Which are constructed using 
radio frames. Each radio frame comprises 15 slots and each 
slot corresponds to 2560 chips. A “chip” refers to a bit in a 
sequence formed after the original information signal is 
spread With a spreading code. Hence, each radio frame 
comprises 38,400 chips. HoWever, message entities are 
variable in length since each message entity can be distrib 
uted and transmitted in a variable number of radio frames. 
In the current WCDMA standard, radio frames are desig 
nated as 10 ms in duration, and message entities can 
comprise 1, 2, 4, or 8 radio frames. 

[0008] A WCDMA service provider may set up base 
stations in an asynchronous mode, such that each base 
station has an independent timing reference. In order to 
operate Within the range of such asynchronous base stations, 
a mobile station must be able to acquire the frame timing of 
each base station With Which the mobile station Wishes to 
communicate. To receive and decode variable length mes 
sage entities from a base station properly, the mobile station 
must ?rst acquire the frame timing of the base station 
through an acquisition search for signals that convey the 
base station’s frame timing information. Hence, if there are 
multiple base stations, the mobile station must conduct 
multiple acquisition searches for the timing of each base 
station With Which the mobile station Wishes to communi 
cate. 

[0009] The computational complexity and the amount of 
time required to conduct such acquisition searches can be 
extremely problematic for a mobile station that is traveling 
Within the range of multiple base stations. In particular, if the 
mobile station moves from the range of one base station to 
the range of another base station, a delay in frame timing 
signal acquisition of the neW base station can result in 
dropped calls. The process of maintaining a call While the 
mobile station travels from the communication range of a 
base station to another base station is referred to as a 
“hand-off.” Hand-offs can occur betWeen sectors of a base 

station, betWeen base stations of a single service provider, 
betWeen base stations of different service providers, and 
betWeen base stations operating at different frequencies. 
Hence, a traveling mobile station Will likely experience the 
need to acquire frame timing information from multiple base 
stations. Unfortunately, the process of performing multiple 
acquisition searches quickly drains the battery life and 
processing resources of the mobile station. 

[0010] There is a present need in the art to perform 
acquisition searches that Will increase the likelihood of 
successful handoffs betWeen asynchronous base stations, 
optimiZe the battery life of a mobile station, and minimiZe 
the allocation of processing resources Within the mobile 
station. The embodiments described herein satisfy the afore 
mentioned needs by implementing a system for conducting 
searches Within neW classi?cations of neighboring base 
stations. 

SUMMARY 

[0011] Methods and apparatus are presented herein to 
address the needs described above. In one aspect, a method 
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is presented for substituting a full frame timing acquisition 
search With a partial frame timing acquisition search, the 
method comprising the steps of: classifying a plurality of 
base stations into a plurality of candidate sets; determining 
Whether the full frame timing acquisition search needs to be 
performed upon at least one of the plurality of candidate 
sets; if the full frame timing acquisition search needs to be 
performed upon the at least one of the plurality of candidate 
sets, then substituting the partial frame timing acquisition 
search for the full frame timing acquisition search; and if the 
full frame timing acquisition search does not need to be 
performed upon the at least one of the plurality of candidate 
sets, then determining Whether to perform a synchronous 
search. 

[0012] In another aspect, a method is presented for acquir 
ing frame timing information for a plurality of base stations, 
the method comprising the steps of: dividing the plurality of 
base stations into an Active Set, a Synchronated Neighbor 
Set, and an Asynchronous Neighbor Set; implementing a 
synchronous search upon the Active Set and the Synchro 
nated Neighbor Set; and implementing a fragmented acqui 
sition search upon the Asynchronous Set rather than a full 
acquisition search. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 
netWork. 

[0014] FIG. 2 is a timing diagram illustrating an acquisi 
tion search. 

[0015] FIG. 3 is a How chart of a method for using a 
divided Neighbor Set to perform a partial acquisition search, 
rather than a full acquisition search. 

[0016] FIG. 4 is a How chart of another method for using 
a divided Neighbor Set to perform a partial acquisition 
search, rather than a full acquisition search. 

FIG. 1 is a diagram of a Wireless communication 

DETAILED DESCRIPTION 

[0017] As illustrated in FIG. 1, a Wireless communication 
netWork 10 generally includes a plurality of mobile stations 
(also called subscriber units or user equipment) 12a-12d, a 
plurality of base stations (also called base station transceiv 
ers (BTSs) or Node B). 14a-14c, a base station controller 
(BSC) (also called radio netWork controller or packet control 
function 16), a mobile sWitching center (MSC) or sWitch 18, 
a packet data serving node (PDSN) or internetWorking 
function (IWF) 20, a public sWitched telephone netWork 
(PSTN) 22 (typically a telephone company), and an Internet 
Protocol (IP) netWork 24 (typically the Internet). For pur 
poses of simplicity, four mobile stations 12a-12d, three base 
stations 14a-14c, one BSC 16, one MSC 18, and one PDSN 
20 are shoWn. It Would be understood by those skilled in the 
art that there could be any number of mobile stations 12, 
base stations 14, BSCs 16, MSCs 18, and PDSNs 20. 

[0018] In one embodiment the Wireless communication 
netWork 10 is a packet data services netWork. The mobile 
stations 12a-12d may be any of a number of different types 
of Wireless communication device such as a portable phone, 
a cellular telephone that is connected to a laptop computer 
running IP-based, Web-broWser applications, a cellular tele 
phone With associated hands-free car kits, a personal data 
assistant (PDA) running IP-based, Web-broWser applica 
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tions, a Wireless communication module incorporated into a 
portable computer, or a ?xed location communication mod 
ule such as might be found in a Wireless local loop or meter 
reading system. In the most general embodiment, mobile 
stations may be any type of communication unit. 

[0019] The mobile stations 12a-12d may advantageously 
be con?gured to perform one or more Wireless packet data 
protocols such as described in, for eXample, the EIA/TIA/ 
IS-707 standard. In a particular embodiment, the mobile 
stations 12a-12d generate IP packets destined for the IP 
netWork 24 and encapsulate the IP packets into frames using 
a point-to-point protocol (PPP). 

[0020] In one embodiment the IP netWork 24 is coupled to 
the PDSN 20, the PDSN 20 is coupled to the MSC 18, the 
MSC is coupled to the BSC 16 and the PSTN 22, and the 
BSC 16 is coupled to the base stations 14a-14c via Wirelines 
con?gured for transmission of voice and/or data packets in 
accordance With any of several knoWn protocols including, 
e.g., E1, T1, Asynchronous Transfer Mode (ATM), IP, PPP, 
Frame Relay, HDSL, ADSL, or XDSL. In an alternate 
embodiment, the BSC 16 is coupled directly to the PDSN 
20, and the MSC 18 is not coupled to the PDSN 20. 

[0021] During typical operation of the Wireless commu 
nication netWork 10, the base stations 14a-14c receive and 
demodulate sets of uplink signals from various mobile 
stations 12a-12d engaged in telephone calls, Web broWsing, 
or other data communications. Each uplink signal received 
by a given base station 14a-14c is processed Within that base 
station 14a-14c. Each base station 14a-14c may communi 
cate With a plurality of mobile stations 12a-12d by modu 
lating and transmitting sets of doWnlink signals to the 
mobile stations 12a-12a'. For eXample, as shoWn in FIG. 1, 
the base station 14a communicates With ?rst and second 
mobile stations 12a, 12b simultaneously, and the base sta 
tion 14c communicates With third and fourth mobile stations 
12c, 12d simultaneously. The resulting packets are for 
Warded to the BSC 16, Which provides call resource allo 
cation and mobility management functionality including the 
orchestration of soft handoffs of a call for a particular mobile 
station 12a-12d from one base station 14a-14c to another 
base station 14a-14c. For eXample, a mobile station 12c is 
communicating With tWo base stations 14b, 14c simulta 
neously. Eventually, When the mobile station 12c moves far 
enough aWay from one of the base stations 14c, the call Will 
be handed off to the other base station 14b. 

[0022] If the transmission is a conventional telephone call, 
the BSC 16 Will route the received data to the MSC 18, 
Which provides additional routing services for interface With 
the PSTN 22. If the transmission is a packet-based trans 
mission such as a data call destined for the IP netWork 24, 
the MSC 18 Will route the data packets to the PDSN 20, 
Which Will send the packets to the IP netWork 24. Alterna 
tively, the BSC 16 Will route the packets directly to the 
PDSN 20, Which sends the packets to the IP netWork 24. 

[0023] As stated previously, a WCDMA communication 
system can be set up With asynchronous base stations such 
that neighboring base stations have timing references that 
are independent from each other and from the base station 
With Which the mobile station is currently communicating. 
In a hand-off situation betWeen a ?rst asynchronous base 
station and a second asynchronous base station, a mobile 
station Will drop a call if the mobile station cannot be 
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properly synchronized With the second asynchronous base 
station. In order to be synchronized With the second asyn 
chronous base station, the mobile station must possess the 
very accurate frame timing information of the second asyn 
chronous base station and report the accurate frame timing 
information to the netWork. In some implementations of the 
WCDMA system, the ?rst asynchronous base station may 
possess the approximate timing information of the second 
asynchronous base station already and convey this approxi 
mate timing information to the mobile station. The mobile 
station uses this approximate timing information to facilitate 
the acquisition search for the accurate timing information of 
the second asynchronous base station. HoWever, if the ?rst 
asynchronous base station does not possess the timing 
information of the second asynchronous base station, then 
the mobile station is confronted With the task of determining 
the frame timing information by itself. 

[0024] According to the WCDMA standard, the acquisi 
tion of timing information for a base station is implemented 
in a complex three-step process. In the First Step, the mobile 
station acquires the slot synchronization of a base station by 
searching for the Primary Synchronization Code (PSC) that 
is transmitted by the base station in the ?rst 256 chips of 
each slot. The PSC is constructed using a generalized 
hierarchical Golay sequence and is alWays found at the 
beginning of a slot period. Hence, in order to determine the 
start of a 2560 chip slot period, the mobile station attempts 
to ?nd correlation peaks of the PSC correlating all possible 
chip positions. 

[0025] After the slot timing is determined, the mobile 
station must determine Where the start of the radio frame 
may be. In the Second Step, the mobile station acquires the 
frame synchronization of the base station by searching for 
the sequences of the Secondary Synchronization Codes 
(SSC) that are transmitted by the base station in the ?rst 25 6 
chips of each slot, along With the PSC. In the WCDMA 
standard, 64 sequences are constructed from the 16 orthogo 
nal SSCs to divide 512 different Primary Scrambling Codes 
into 64 scrambling code groups, Wherein the SSCs are also 
orthogonal to the Primary Scrambling Codes. The search is 
performed by correlating the received signal With possible 
sequences constructed from the SSCs and then identifying 
the maximum correlation value. Since the SSC sequences 
are constructed so that a cyclic shift of one sequence is not 
equivalent to a cyclic shift of any other sequence, the 
determination of the SSC sequence can be used to identify 
the primary scrambling code group associated With the SSC 
sequence. 

[0026] In the Third Step, the mobile station determines the 
identity of the base station by correlating pilot symbols With 
all possible Primary Scrambling Codes in the code group 
that has been identi?ed through the Second Step search 
described above. Each base station can be identi?ed by a 
unique Primary Scrambling Code, Which is repeated at the 
start of every 10 ms radio frame. The scrambling codes are 
divided into 512 sets, Wherein each set comprises one 
Primary Scrambling Code and 15 Secondary Scrambling 
Codes. The Primary Scrambling Codes are also classi?ed 
into 64 scrambling code groups, each consisting of 8 Pri 
mary Scrambling Codes. The code group that is searched in 
the Third Step is identi?ed by the SSC sequence found in the 
Second Step. Hence, once a code group is identi?ed in the 

Mar. 6, 2003 

Second Step, the search through 512 Primary Scrambling 
Codes is simpli?ed to a search through 8 Primary Scram 
bling Codes. 

[0027] FIG. 2 illustrates the Three-Step frame acquisition 
search described above. A reference counter 200 represents 
a 10 ms radio frame comprising 15 slots that are 0.667 ms 
in duration. The First Step 210 searches for correlation peaks 
that are located at the start of the slots When a speci?c PSC 
is used. The Second Step 220 searches for the start of the 
radio frame by correlating slots With sequences constructed 
from SSCs. Once the start of the radio frame is identi?ed, the 
Third Step 230 searches for the Primary Scrambling Code 
that is located in the ?rst 256 chips at the start of the radio 
frame. Identi?cation of the Primary Scrambling Code at the 
start of the radio frame serves to identify the base station that 
broadcast the radio frame. 

[0028] Acquisition of the slot timing, frame timing, and 
base station identity is vital for conducting a hand-off of a 
mobile station from one base station to another. HoWever, 
conducting an acquisition search in accordance With the full 
Three-Step Frame Timing Acquisition search consumes a 
signi?cant amount of hardWare resources, battery poWer, 
and DSP processing cycles. If too many acquisition searches 
are conducted, the mobile station Will prematurely drain 
battery poWer. If too feW acquisition searches are conducted, 
the mobile station may fail to detect a favorable hand-off 
opportunity and drop calls. The embodiments herein 
describe methods and apparatus for implementing a frame 
timing acquisition search that maintains connectivity While 
minimizing resource expenditures. The embodiments entail 
the generation of neW base station candidate sets and effec 
tively scheduling searches among asynchronous neighbor 
ing cells using the neW base station candidate sets. 

[0029] The general practice in WCDMA systems is to 
perform hand-offs by identifying the transmission energy 
levels of signals received from base station candidates and 
then classifying the base station candidates into either the 
Active Set (ASET) or a Neighbor Set (NSET). In the Idle 
Mode, Wherein the mobile station is not maintaining a call 
but is ready to receive a call, the Active Set is the set 
containing the serving base station for the mobile station. In 
the Connected Mode, Wherein the mobile station is main 
taining a call, the Active Set is the set containing all base 
stations from Which data is being actively demodulated and 
decoded by the mobile. The Neighbor Set contains all 
neighboring base stations speci?ed by the WCDMA netWork 
or detected by the mobile station. 

[0030] In one embodiment, a processor in the mobile 
station determines the energy levels and frame timing infor 
mation of base stations in the Neighbor Set and reclassi?es 
each base station into tWo neW classi?cations. The classi? 
cations are the Synchronated Neighbor Set (S-NSET) and 
the Asynchronous Neighbor Set (A-NSET). Using these neW 
categories Within the Neighbor Set, the control processor 
then implements an optimal neighboring cell search sched 
uling algorithm among asynchronous base stations. 

[0031] In one embodiment, after a base station candidate 
has been identi?ed through the frame timing acquisition 
procedure described above, the base station candidate is 
classi?ed Within the Neighbor Set. Subsequent acquisition 
searches for that base station candidate Within the Neighbor 
Set are performed by applying a small search WindoW 
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around the identi?ed timing along With the base station 
candidate’s scrambling code. Base station candidates Whose 
timing can be identi?ed in this manner are then classi?ed as 
a member of the S-NSET. The acquisition search on S-NSET 
through the small search WindoW is hereinafter referred to as 
a “synchronous search,” Whereas the acquistion search on 
A-NSET through the full Three-Step Frame Timing Acqui 
sition search described above is referred to as an “asynchro 
nous search.” 

[0032] Since a synchronous search searches a small Win 
doW around a pre-identi?ed timing position and only tests a 
single scrambling code, the synchronous search process is 
more poWer-ef?cient and resource-ef?cient than an asyn 
chronous search, Wherein the full Three-Step Frame Timing 
Acquisition procedure is performed upon multiple slots and 
multiple radio frames using multiple scrambling codes. 

[0033] HoWever, asynchronous searches must be per 
formed to identify frame timing positions before synchro 
nous searches can take place. As a mobile station moves 
from the range of one cell to another cell, frequent asyn 
chronous searches may be needed to identify different 
neighboring cells. The present embodiments balance the 
need for asynchronous searches With synchronous searches 
by the use of the neW base station candidate sets. 

[0034] FIG. 3 is a How chart illustrating an embodiment 
of a searching algorithm that minimiZes the need to conduct 
frequent full Three-Step Frame Timing Acquisition 
searches. The searching algorithm can be implemented by an 
additional processing element and memory element Within 
the mobile station, or the searching algorithm can be intro 
duced into processing elements and memory elements that 
are already present Within the mobile station. The searching 
algorithm of FIG. 3 minimiZes the need to conduct frequent 
full Three-Step Frame Timing Acquisition searches by sub 
stituting the full Three-Step Frame Timing Acquisition 
search With a partial frame timing acquisition search or 
multiple partial frame timing acquisition searches. 

[0035] At step 300, a processor in the mobile station 
controls initial full acquisition searches that determine mem 
bership in ASET and S-NSET. In other Words, the mobile 
station classi?es the base stations in the netWork that are 
candidates for communication sessions. At step 302, the 
processor determines Whether the number of S-NSET ele 
ments is less than a predetermined quantity and Whether the 
last search of the A-NSET has occurred more than a prede 
termined duration ago. The conditions examined at step 302 
determine Whether a full Three-Step Frame Timing Acqui 
sition search needs to be performed upon elements of 
A-NSET. If the conditions for performing a full Three-Step 
Frame Timing Acquisition search are af?rmed, then a ?ag 
for a full acquisition search is activated at step 304. Alter 
natively, if the conditions for performing a full Three-Step 
Frame Timing Acquisition search are not af?rmed, then a 
?ag for a full acquisition search is deactivated. 

[0036] The program How proceeds to step 308, Wherein an 
analysis of search timers occurs in order to determine 
Whether to perform a synchronous search among ASET and 
S-NSET base stations. Since elements of ASET and S-NSET 
comprise those base stations Whose timing information is 
already knoWn to the mobile station, a search only needs to 
be performed Within a small WindoW surrounding the last 
knoWn frame boundary. In one embodiment, the search 
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WindoW is 192 chips Wide, hoWever any value betWeen 100 
to 300 chips can be implemented to accommodate system 
restraints. A search timer for searching ASET base stations 
and a search timer for searching S-NSET base stations are 
checked to determine Whether to perform a synchronous 
search among elements of said sets. If the search timers have 
expired, then synchronous searches are performed for each 
of said sets at step 310 and the program How proceeds back 
to step 302. After step 308, the program How proceeds to 
step 312, Wherein a determination as to Whether the ?ag for 
a full acquisition search is activated or deactivated. 

[0037] If the ?ag is deactivated, then the program How 
proceeds back to step 308 to determine again Whether to 
perform a synchronous search. If the ?ag is activated, then 
fragments of the full Three-Step Frame Timing Acquisition 
search are performed independently upon A-NSET base 
stations at steps 320, 330 and 340. In other Words, if the ?ag 
is activated, a fragmented acquisition search step 360 is 
substituted for the full Three-Step Frame Timing Acquisition 
search. The fragmented acquisition search step 360 com 
prises the performance of various partial searches in accor 
dance With conditions determined by the processor. If a 
determination is made that unidenti?ed frame peaks exist in 
the transmission signals, then a Third Step search is per 
formed at step 320. If all frame peaks are identi?ed but 
unidenti?ed slot peaks exist, then a Second Step search is 
performed at step 330. If all frame peaks are identi?ed and 
all slot peaks are identi?ed, then a First Step search is 
performed at step 340. The program ?oWs from steps 320, 
330, and 340 proceed back to step 308. 

[0038] FIG. 4 is a detailed ?oW chart illustrating a more 
detailed embodiment of the general method described in 
FIG. 3. At step 400, a processor in the mobile station 
initiates a full Three-Step Frame Timing Acquisition search 
of at least one asynchronous base station to establish the 
initial ASET and S-NSET member elements. At step 402, the 
processor analyses the ASET and S-NSET search results. In 
one embodiment, the analysis of the ASET and S-NSET 
search results is based on an analysis of received energy 
levels and a determination as to the duration since the last 
full frame timing acquisition search. In particular, the pro 
cessor determines Whether a number of S-NSET elements 
exceed a prede?ned energy threshold ET. The processor then 
determines Whether that number of S-NSET elements 
exceeds a prede?ned quantity X. If the number of S-NSET 
elements that exceed ET is less than X, then the processor 
also determines Whether the last frame timing acquisition 
search upon A-NSET elements occurred at least Tasyno 
milliseconds ago. The order of the processing steps to 
conduct this analysis can be interchanged Without affecting 
the scope of the embodiment. 

[0039] If the number of S-NSET elements that exceed ET 
is less than X and the last frame timing search of the 
A-NSET Was Tasyno milliseconds ago or longer, then at step 
406, the processor ?ags a need to implement a frame timing 
acquisition search among the elements of A-NSET. If the 
number of S-NSET elements that exceed ET is more than X 
or the last full three-step frame timing search Was less than 
Tasyno milliseconds ago, then the processor refrains from 
?agging a frame timing acquisition search among A-NSET. 

[0040] At step 410, the processor further determines 
Whether the ASET search timer has expired. If the ASET 
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search timer has expired, then the processor implements a 
synchronous search of the ASET at step 410. If the ASET 
search timer has not expired, then the program How proceeds 
to step 414, Wherein the processor determines Whether the 
S-NSET search timer has expired. If the S-NSET search 
timer has expired, then at step 416, the processor performs 
a synchronous search of the S-NSET. The program How then 
proceeds back to step 402. 

[0041] If the processor determines that the S-NSET search 
time has not expired, then at step 418, a determination is 
made as to Whether a full frame timing acquisition search of 
A-NSET base stations has been activated, i.e., Whether the 
program How had proceeded from step 406 or step 408. If 
the full frame timing acquisition search of A-NSET had not 
been activated, then the program How proceeds back to step 
410. If the full frame timing acquisition search of A-NSET 
had been activated, the program How proceeds to step 420. 

[0042] At step 420, the processor determines Whether the 
search of the A-NSET has found more unidenti?ed frame 
peaks. An unidenti?ed frame peak represents a base station 
that has not been identi?ed. If the search of the A-NSET has 
found unidenti?ed frame peaks, then the program How 
proceeds to step 422, Wherein the processor implements a 
Third Step partial search by correlating pilot symbols With 
a scrambling code. When the base station is identi?ed 
through the identi?cation of the scrambling code, the pro 
gram ?oW proceeds back to step 410. 

[0043] If the processor determines that all frame peaks 
correspond to identi?ed base stations, then the program How 
proceeds to step 424. At step 424, a determination is made 
as to Whether there are unidenti?ed slot peaks Within a 
prede?ned freshness interval. A freshness interval is a dura 
tional period used to determine Whether a previously mea 
sured PSC peak is too old for use in a Second Step search. 
For example, if the freshness interval is de?ned as 500 ms, 
then PSC peaks that Were collected over 500 ms ago Will not 
be used for further Second Step searches. If the unidenti?ed 
slot peaks are not Within the prede?ned freshness interval, 
then the program How proceeds to step 426, Wherein the 
processor implements a Second Step partial search by cor 
relating the sequences of the Secondary SynchroniZation 
Codes (SSC). The program How then proceeds back to step 
410. If the unidenti?ed slot peaks are Within the prede?ned 
freshness interval, then the program How proceeds to step 
428, Wherein the processor implements a First Step partial 
search by searching for slot timing through the use of 
Primary SynchroniZation Codes (PSC). The program How 
then proceeds back to step 410. 

[0044] In the embodiment described above, asynchronous 
searches and synchronous searches are intertWined in order 
to guarantee search rates on ASET and S-NSET. Without a 
guaranteed search rate, the processor could take an inordi 
nate amount of time to ?nish all of the partial step searches 
for an asynchronous search. For example, it is conceivable 
that one asynchronous search, as implemented by the 
embodiments above, could comprise a First Step search that 
results in a large number of PSC peaks over the entire slot 
space, several Second Step searches, Wherein each Second 
Step search covers a feW number of PSC peaks detected 
from the First Step search, and several Third Step searches, 
Wherein each Third Step search results from a Second Step 
search. 
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[0045] Hence, to break up a cycle of multiple partial 
searches, a guaranteed search rate can be implemented in yet 
another embodiment so that the cycle is refreshed. A guar 
anteed search rate ensures that the demodulation elements of 
the mobile station are assigned to the best signal paths. In 
addition, the guaranteed search rate ensures that the timing 
information of the ASET and SNSET cells are properly 
maintained, the idle mode cell reselections (idle handoffs) 
are promptly performed, and the connected mode handoff 
event reports are promptly triggered. A guaranteed search 
rate on ASET and S-NSET facilitates the ability of the 
netWork to maintain good call connections for the mobile 
station. In one embodiment, the search through ASET ele 
ments occurs every 20 ms and the search through NSET 
elements occurs every 80 ms or 100 ms. Other search rates 
can be implemented Without effecting the scope of the 
embodiments herein. 

[0046] In another aspect of the embodiment, the values for 
the prede?ned quantity X, the prede?ned energy threshold 
ET, and the duration TasyDc can be dynamically adjusted by 
the processor based on the receiving energy levels of the 
elements in the Active Set. For example, if the receiving 
energy levels of a base station is good, e.g., betWeen 
approximately —7 dB and —11 dB, then X can be decreased 
and ET can be decreased. If the transmission energy levels of 
a base station are bad, e.g., betWeen approximately —15 dB 
and —20 dB, then X can be increased and Er can be 
increased. In addition, the minimum duration required for 
identifying a neW base station also plays a role in determin 
ing the value for Tasync. 

[0047] Alternatively, or in combination With receiving 
energy levels, the values for the prede?ned quantity X, the 
prede?ned energy threshold ET, and the duration Tasyno can 
be dynamically adjusted based on Whether the mobile station 
is in Idle mode or in Connected Mode. 

[0048] The criterion incorporated Within the method and 
apparatus described in FIG. 3 and FIG. 4 are used to 
accomplish tWo purposes. First, that the mobile station Will 
detect a suf?cient number of neighboring cells to detect 
possible handoff target base stations. Second, that the mobile 
station Will not perform unnecessary frame timing acquisi 
tion searches, Which consumes a large amount of hardWare 
resources and battery poWer. In particular, full Three-Step 
Frame Timing Acquisition searches are unnecessary When 
the mobile station remains in the coverage of only one base 
station. 

[0049] Those of skill in the art Would understand that 
information and signals may be represented using any of a 
variety of different technologies and techniques. For 
example, data, instructions, commands, information, sig 
nals, bits, symbols, and chips that may be referenced 
throughout the above description may be represented by 
voltages, currents, electromagnetic Waves, magnetic ?elds 
or particles, optical ?elds or particles, or any combination 
thereof. 

[0050] Those of skill Would further appreciate that the 
various illustrative logical blocks, modules, circuits, and 
algorithm steps described in connection With the embodi 
ments disclosed herein may be implemented as electronic 
hardWare, computer softWare, or combinations of both. To 
clearly illustrate this interchangeability of hardWare and 
softWare, various illustrative components, blocks, modules, 
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circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardWare or softWare depends upon the 
particular application and design constraints imposed on the 
overall system. Skilled artisans may implement the 
described functionality in varying Ways for each particular 
application, but such implementation decisions should not 
be interpreted as causing a departure from the scope of the 
present invention. 

[0051] The various illustrative logical blocks, modules, 
and circuits described in connection With the embodiments 
disclosed herein may be implemented or performed With a 
general purpose processor, a digital signal processor (DSP), 
an application speci?c integrated circuit (ASIC), a ?eld 
programmable gate array (FPGA) or other programmable 
logic device, discrete gate or transistor logic, discrete hard 
Ware components, or any combination thereof designed to 
perform the functions described herein. A general purpose 
processor may be a microprocessor, but in the alternative, 
the processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc 
tion With a DSP core, or any other such con?guration. 

[0052] The steps of a method or algorithm described in 
connection With the embodiments disclosed herein may be 
embodied directly in hardWare, in a softWare module 
executed by a processor, or in a combination of the tWo. A 
softWare module may reside in RAM memory, ?ash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD-ROM, 
or any other form of storage medium knoWn in the art. An 
exemplary storage medium is coupled to the processor such 
the processor can read information from, and Write infor 
mation to, the storage medium. In the alternative, the storage 
medium may be integral to the processor. The processor and 
the storage medium may reside in an ASIC. The ASIC may 
reside in a user terminal. In the alternative, the processor and 
the storage medium may reside as discrete components in a 
user terminal. 

[0053] The previous description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. Various modi?cations to 
these embodiments Will be readily apparent to those skilled 
in the art, and the generic principles de?ned herein may be 
applied to other embodiments Without departing from the 
spirit or scope of the invention. Thus, the present invention 
is not intended to be limited to the embodiments shoWn 
herein but is to be accorded the Widest scope consistent With 
the principles and novel features disclosed herein. 

What is claimed is: 
1. A method for substituting a full frame timing acquisi 

tion search With a partial frame timing acquisition search, 
comprising: 

classifying a plurality of base stations into a plurality of 
candidate sets; 

determining Whether the full frame timing acquisition 
search needs to be performed upon at least one of the 
plurality of candidate sets; 
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if the full frame timing acquisition search needs to be 
performed upon the at least one of the plurality of 
candidate sets, then substituting the partial frame tim 
ing acquisition search for the full frame timing acqui 
sition search; and 

if the full frame timing acquisition search does not need 
to be performed upon the at least one of the plurality of 
candidate sets, then determining Whether to perform a 
synchronous search. 

2. The method of claim 1, Wherein determining Whether 
to perform a synchronous search comprises: 

determining Whether a synchronous search timer has 
expired; and 

performing a synchronous search upon the remaining 
plurality of candidate sets if the synchronous search 
timer has expired. 

3. The method of claim 2, Wherein the synchronous search 
comprises: 

searching through a small WindoW around an identi?ed 
timing using an identi?ed scrambling code. 

4. The method of claim 2, Wherein if the full frame timing 
acquisition search needs to be performed upon the at least 
one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether at least one unidenti?ed frame peak 
exists; 

if at least one unidenti?ed frame peak exists, then corre 
lating a plurality of pilot symbols With an identi?ed 
code group of scrambling codes; and 

if unidenti?ed frame peaks do not exist, then determining 
Whether to perform a synchronous search upon the 
remaining plurality of candidate sets. 

5. The method of claim 2, Wherein if the full frame timing 
acquisition search needs to be performed upon the at least 
one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether at least one unidenti?ed slot peak 
exists While all frame peaks are identi?ed; 

if at least one unidenti?ed slot peak exists While all frame 
peaks are identi?ed, then correlating a received signal 
With a plurality of possible sequences constructed from 
a plurality of secondary synchroniZation codes; and 

if at least one unidenti?ed slot peak does not exist While 
all frame peaks are identi?ed, then determining 
Whether to perform a synchronous search upon the 
remaining plurality of candidate sets. 

6. The method of claim 2, Wherein if the full frame timing 
acquisition search needs to be performed upon the at least 
one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether all slot peaks are identi?ed and all 
frame peaks are identi?ed; and 

if all slot peaks are identi?ed and all frame peaks are 
identi?ed, then ?nding correlation peaks of a primary 
synchroniZation code correlating all chip positions of a 
received signal, correlating the received signal With a 
plurality of possible sequences constructed from a 
plurality of secondary synchroniZation codes, and cor 
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relating a plurality of pilot symbols With an identi?ed 
code group of scrambling codes. 

7. A method for acquiring frame timing information for a 
plurality of base stations, comprising: 

dividing the plurality of base stations into an Active Set, 
a Synchronated Neighbor Set, and an Asynchronous 
Neighbor Set; 

implementing a synchronous search upon the Active Set 
and the Synchronated Neighbor Set; and 

implementing a fragmented acquisition search upon the 
Asynchronous Set rather than a full acquisition search. 

8. The method of claim 7, Wherein implementing the 
fragmented acquisition search upon the Asynchronous Set 
comprises: 

determining Whether a frame peak in a radio frame is 
unidenti?ed, Wherein the radio frame is associated With 
a base station in the Asynchronous Set; 

if the frame peak is unidenti?ed, correlating a plurality of 
pilot symbols With a scrambling code, Wherein the 
plurality of pilot symbols are associated With the radio 
frame; and 

If the frame peak is identi?ed, refraining from correlating 
a plurality of pilot symbols With an identifying scram 
bling code, Wherein the plurality of pilot symbols is 
associated With the radio frame. 

9. The method of claim 8, Wherein if the frame peak is 
identi?ed, implementing the fragmented acquisition search 
upon the Asynchronous Set further comprises: 

determining Whether an unidenti?ed slot peak occurred 
Within a freshness interval; 

if an unidenti?ed slot peak occurred Within the freshness 
interval, then correlating the plurality of pilot symbols 
With a plurality of sequences derived from Secondary 
Synchronization Codes; and 

if no unidenti?ed slot peaks occur Within a freshness 
interval, then refraining from correlating the plurality 
of pilot symbols With a plurality of sequences derived 
from Secondary Synchronization Codes. 

10. The method of claim 9, Wherein if no unidenti?ed slot 
peaks lie Within the freshness interval, then implementing 
the fragmented acquisition search upon the Asynchronous 
Set further comprises: 

searching for slot timing information using a plurality of 
Primary Synchronization Codes. 

11. The method of claim 10, Wherein the freshness inter 
val is 500 milliseconds in duration. 

12. The method of claim 7, Wherein implementing the 
fragmented acquisition search rather than a full acquisition 
search is triggered by at least one predetermined condition. 

13. The method of claim 12, Wherein the at least one 
predetermined condition is a determination that a predeter 
mined number of base stations in the Synchronated Neigh 
bor Set transmit in excess of a prede?ned energy threshold 
ET, Wherein ET is a variable system parameter. 

14. The method of claim 13, Wherein the at least one 
predetermined condition further comprise a determination 
that an acquisition search occurred at least Tasynch millisec 
onds ago, Wherein T h is a variable system parameter. async 
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15. An apparatus for substituting a full frame timing 
acquisition search With a partial frame timing acquisition 
search, comprising: 

a memory element; and 

a processor con?gured to execute a set of instructions 
stored Within the memory element, the set of instruc 
tions for: 

classifying a plurality of base stations into a plurality of 
candidate sets; 

determining Whether the full frame timing acquisition 
search needs to be performed upon at least one of the 
plurality of candidate sets; 

if the full frame timing acquisition search needs to be 
performed upon the at least one of the plurality of 
candidate sets, then substituting the partial frame 
timing acquisition search for the full frame timing 
acquisition search; and 

if the full frame timing acquisition search does not need 
to be performed upon the at least one of the plurality 
of candidate sets, then determining Whether to per 
form a synchronous search. 

16. The apparatus of claim 15, Wherein determining 
Whether to perform a synchronous search comprises: 

determining Whether a synchronous search timer has 
expired; and 

performing a synchronous search upon the remaining 
plurality of candidate sets if the synchronous search 
timer has expired. 

17. The apparatus of claim 15, Wherein the synchronous 
search comprises: 

searching through a small WindoW around an identi?ed 
timing using an identi?ed scrambling code. 

18. The apparatus of claim 15, Wherein if the full frame 
timing acquisition search needs to be performed upon the at 
least one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether at least one unidenti?ed frame peak 
exists; 

if at least one unidenti?ed frame peak exists, then corre 
lating a plurality of pilot symbols With an identi?ed 
code group of scrambling codes; and 

if unidenti?ed frame peaks do not exist, then determining 
Whether to perform a synchronous search upon the 
remaining plurality of candidate sets. 

19. The apparatus of claim 15, Wherein if the full frame 
timing acquisition search needs to be performed upon the at 
least one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether at least one unidenti?ed slot peak 
exists While all frame peaks are identi?ed; 

if at least one unidenti?ed slot peak exists While all frame 
peaks are identi?ed, then correlating a received signal 
With a plurality of possible sequences constructed from 
a plurality of secondary synchronization codes; and 

if at least one unidenti?ed slot peak does not exist While 
all frame peaks are identi?ed, then determining 
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Whether to perform a synchronous search upon the 
remaining plurality of candidate sets. 

20. The apparatus of claim 15, Wherein if the full frame 
timing acquisition search needs to be performed upon the at 
least one of the plurality of candidate sets, the partial frame 
timing acquisition search comprises: 

determining Whether all slot peaks are identi?ed and all 
frame peaks are identi?ed; and 

if all slot peaks are identi?ed and all frame peaks are 
identi?ed, then ?nding correlation peaks of a primary 
synchroniZation code correlating all chip positions of a 
received signal, correlating the received signal With a 
plurality of possible sequences constructed from a 
plurality of secondary synchroniZation codes, and cor 
relating a plurality of pilot symbols With an identi?ed 
code group of scrambling codes. 

21. An apparatus for acquiring frame timing information 
for a plurality of base stations, comprising: 

a memory element; and 

a processor con?gured to execute a set of instructions 
stored Within the memory element, the set of instruc 
tions for: 

dividing the plurality of base stations into an Active 
Set, a Synchronated Neighbor Set, and an Asynchro 
nous Neighbor Set; 

implementing a synchronous search upon the Active 
Set and the Synchronated Neighbor Set; and 

implementing a fragmented acquisition search upon the 
Asynchronous Set. 

22. The apparatus of claim 21, Wherein implementing the 
fragmented acquisition search upon the Asynchronous Set 
comprises: 

determining Whether a frame peak in a radio frame is 
unidenti?ed, Wherein the radio frame is associated With 
a base station in the Asynchronous Set; 

if the frame peak is unidenti?ed, correlating a plurality of 
pilot symbols With a scrambling code, Wherein the 
plurality of pilot symbols are associated With the radio 
frame; and 

If the frame peak is identi?ed, refraining from correlating 
a plurality of pilot symbols With an identifying scram 
bling code, Wherein the plurality of pilot symbols is 
associated With the radio frame. 

23. The apparatus of claim 22, Wherein if the frame peak 
is identi?ed, implementing the fragmented acquisition 
search upon the Asynchronous Set further comprises: 

determining Whether an unidenti?ed slot peak occurred 
Within a freshness interval; 

if an unidenti?ed slot peak occurred Within the freshness 
interval, then correlating the plurality of pilot symbols 
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With a plurality of sequences derived from Secondary 
Synchronization Codes; and 

if no unidenti?ed slot peaks occur Within a freshness 
interval, then refraining from correlating the plurality 
of pilot symbols With a plurality of sequences derived 
from Secondary SynchroniZation Codes. 

24. The apparatus of claim 23, Wherein if no unidenti?ed 
slot peaks lie Within the freshness interval, then implement 
ing the fragmented acquisition search upon the Asynchro 
nous Set further comprises: 

searching for slot timing information using a plurality of 
Primary Synchronization Codes. 

25. The apparatus of claim 23, Wherein the freshness 
interval is 500 milliseconds in duration. 

26. The apparatus of claim 21, Wherein implementing the 
fragmented acquisition search rather than a full acquisition 
search is triggered by at least one predetermined condition. 

27. The apparatus of claim 21, Wherein the at least one 
predetermined condition is a determination that a predeter 
mined number of base stations in the Synchronated Neigh 
bor Set transmit in eXcess of a prede?ned energy threshold 
ET, Wherein ET is a variable system parameter. 

28. The apparatus of claim 22, Wherein the at least one 
predetermined condition further comprise a determination 
that an acquisition search occurred at least Tasynch millisec 
onds ago, Wherein Tasynch is a variable system parameter. 

29. An apparatus for substituting a full frame timing 
acquisition search With a partial frame timing acquisition 
search, comprising: 

means for classifying a plurality of base stations into a 
plurality of candidate sets and for determining Whether 
the full frame timing acquisition search needs to be 
performed upon at least one of the plurality of candi 
date sets, Wherein if the full frame timing acquisition 
search needs to be performed upon the at least one of 
the plurality of candidate sets, then the means is further 
for substituting the partial frame timing acquisition 
search for the full frame timing acquisition search, and 
if the full frame timing acquisition search does not need 
to be performed upon the at least one of the plurality of 
candidate sets, then the means is further for determin 
ing Whether to perform a synchronous search. 

30. An apparatus for acquiring frame timing information 
for a plurality of base stations, comprising: 

means for dividing the plurality of base stations into an 
Active Set, a Synchronated Neighbor Set, and an 
Asynchronous Neighbor Set, for implementing a syn 
chronous search upon the Active Set and the Synchro 
nated Neighbor Set, and for implementing a frag 
mented acquisition search upon the Asynchronous Set. 


